The Valsalva manoeuvre, when forcefully performed, produces transient but dramatic alterations in venous return, stroke volume, and arterial pressure (Stone, Lyon, and Teirstein, I965; Goldblatt et al., I963) . The various phases of the Valsalva manoeuvre as defined by Hamilton are associated with well-delineated haemodynamic alterations (Stone et al., I965; Goldblatt et al., I963; Hamilton, Woodbury, and Harper, 1936) . Phase i, corresponding to the initiation of strain, results in a transient rise in arterial pressure and a rapid decline in venous return. Phase 2, representing the entire duration of the strain phase, has been correlated with falling arterial pressure and increasing heart rate. During the latter portion of this phase, a gradual increase in blood pressure occurs. Phase 3, the abrupt release of the Valsalva manoeuvre, produces a sudden fall of arterial blood pressure and rapid rise of venous return, at a time when the heart rate remains raised.
Phase 4 corresponds to the rising blood pressure and pulse pressure seen as the cardiac output increases due to the surge of venous return. In normal subjects, arterial blood pressure and pulse pressure exceed control values, and a reflex bradycardia ensues (Stone et al., I965; Hamilton et al., 1936 
Patients and methods
Five patients with angina pectoris, including one (Case i) with left ventricular dyskinesis and mild compensated congestive heart failure, and one (Case 2) with subsequent normal coronary arteriograms, were studied during diagnostic cardiac catheterization (Table I ). The one patient with congestive heart failure was receiving digoxin at the time of the study, and the remaining four Patients were studied in the supine position in the posteroanterior projection. End-diastolic and endsystolic volumes were calculated by either manual planimetry of tracings drawn from 35 mm cine film or by a Hewlett-Packard Model 21isA computer, using online data derived from a Tektronics Model 4551 light-pen tracing of the video image of the opacified left ventricular chamber. The angiogram was initially recorded on a video-disc recorder at i5 frames per second, and redisplayed on a video monitor for light-pen analysis (Alderman et al., 1973) . End-diastolic frames were identified by noting the position of a QRS-triggered mechanical event marker superimposed on the angiographic field. Volumes were not calculated for any beats showing prematurity or aberrancy. Independent cardiac output measurements were obtained during the basal condition, using either standard Fick or indicatordilution methods.
Patients performed the Valsalva manoeuvre by exhaling orally from a full inspiration against a resistance device which included a manometer for monitoring intraoral pressure. Nose clips blocked nasal leakage of air. A 40 mmHg pressure was achieved almost instantly, maintained for 12 to i5 seconds, and then abruptly released.
There were no untoward complications from these angiographic procedures. Though multiple angiograms were obtained during one or two Valsalva manoeuvres, the necessity for high quality studies free of premature beats limits the data to those visualizations obtained during the mid-strain and release phases. These data were obtained in three patients during a single Valsalva manoeuvre, and in two patients from two separate, but .L a1L Fig. 3 , and the individual values are listed in Table  2 . During the strain phase, the systolic blood pressure moved downwards, returning during the release phase towards normal in three of the five patients. Pulse rate rose steadily during strain and was still raised above control levels during relaxation.
During strain, mean end-diastolic volume declined nearly 50 per cent and returned by release to control levels (Fig. 4) . In similar fashion, endsystolic volume declined during strain phase, but unlike end-diastolic volume did not return to pre- In all the patients, despite the increased heart rate during phase 4, the left ventricular enddiastolic volume returned to control values, stroke volume exceeded control slightly, and thus, cardiac output was significantly, though transiently, increased 42 per cent above resting levels. The return to control left ventricular end-diastolic volume, despite the increased heart rate, is consistent with increased return of blood from the venous reservoir which had accumulated during the strain phase.
The increases in heart rate and ejection fraction during phase 4 produced a significantly increased cardiac output and are consistent with a continuing adrenergic influence on the heart. As has been noted previously, though the peripheral vascular resistance may seem to fall acutely when calculated from data measured in this changing haemodynamic situation, this classic quotient may not reflect the actual state of constriction of the resistance vessels at which adrenergic influence would be mediated. It may only represent the fact that the aorta, having previously emptied, is now lower on its pressure-volume curve (Greenfield et al., I967) . Therefore, this fall of calculated peripheral vascular resistance should not necessarily be construed as evidence countering a continuous adrenergic influence.
The use of contrast material for direct beat-bybeat determination of cardiac output and ejection fraction has in the past been limited to the resting steady-state condition. Use of this method to evaluate transient haemodynamic changes has been limited previously by the large volumes of contrast usually employed (I-2 ml/kg) which produce significant haemodynamic changes (Kloster et al., I966) . In the present study, by choosing patients with relatively normal-sized hearts and critically timing the injection from the patient's electrocardiogram, a much smaller dose of contrast could be employed (io ml per angiogram) for adequate left ventricular visualization. Viamonte (I97I) has indicated that for adequate visualization during angiography a ratio of i ml contrast of 76 per cent concentration to 8 to IO ml blood is required. This ratio was attained in the four patients with normal-sized hearts. In the one exception (Case i), the dose of contrast was similar to that used in the other patients, and adequate visualization was achieved.
Conclusion
In conclusion, the above study showed a significant reduction in left ventricular volume during the strain phase of the Valsalva manoeuvre (phase 2). The data are consistent with the abrupt blockade of venous return from the periphery as the basis for this fall of left ventricular volume. By similar logic, the demonstration of the return of left ventricular volume to control values, despite the increase of heart rate above control levels in that period just after release of straining (phase 4), seems best explained by transiently augmented venous return.
